Aspartate substitutions establish the concerted action of P-region glutamates in repeats I and III in forming the protonation site of L-type Ca2+ channels.
Hydrogen ions reduce ion flux through voltage-gated Ca2+ channels by binding to a single protonation site with an unusually high pKa. Recent evidence localizes the protonation site to the same locus that supports high affinity Ca2+ binding and selectivity, a set of four conserved glutamate residues near the external mouth of the pore. Remaining controversy concerns the question of whether the protonation site arises from a single glutamate, Glu-1086 (EIII), or a combination of Glu-1086 and Glu-334 (EI) working in concert. We tested these hypotheses with individual Glu --> Asp substitutions. The Glu --> Asp replacements in repeats I and III stood out in two ways. First, in both EID and EIIID, protonation was destabilized relative to wild type, whereas it was unchanged in EIID and stabilized in EIVD. The changes in affinity were entirely due to alterations in H+ off-rate. Second, the ratio of protonated conductance to deprotonated conductance was significantly closer to unity for EID and EIIID than for wild-type channels or other Asp mutants. Both results support the idea that EI and EIII act together to stabilize a single titratable H+ ion and behave nearly symmetrically in influencing pore conductance. Neutralization of EIII by alanine replacement clearly failed to abolish susceptibility to protonation, indicating that no single glutamate was absolutely required. Taken together, all the evidence supports a model in which multiple carboxylates work in concert to form a single high affinity protonation site.